Stroma lamellae and grana stacks prepared by French press rupture of spinach (Spinacia oleracea) chloroplasts contain similar amounts of ,8-carotene on a protein basis. The grana fraction has considerably more xanthophylls than does the stroma fraction. Total carotenoid to chlorophyll ratios are similar for both fractions.
Rupture of spinach chloroplasts by the French pressure cell yields heavy, i.e., 10,000g and light, i.e., 200,000g, particle fractions (7) , which Park and co-workers (8) have demonstrated are derived from grana and stroma lamellae, respectively. The latter possess only photosystem I activity (8) , whereas both photosystem I and photosystem II (2) . Protein analyses used to normalize data on pigment content were those reported by Allen et al. (1) .
Carotenoids were extracted and separated by modifications described below of the methods suggested by Davies (5) and Sherma and Lippstone (9) . All operations were carried out in 1Supported by Grant AI-04788 from the United States Public Health Service to C.F.A. dim room illumination (flux < 0.1 ft-c at bench level; maximum flux about 1 ft-c) or in the dark. An aliquot of particle suspension containing a known amount of chlorophyll was extracted with acetone until the precipitate was colorless. The combined extracts were evaporated to dryness with a rotary evaporator and redissolved in 2 to 5 ml of ethanol, the volume depending upon the amount of chlorophyll present. Ten per cent by volume of 60% aqueous KOH was added. After the solution stood overnight in the dark, three volumes of saturated NaCl solution were added, and the nonsaponifiable material was extracted with 5-ml portions of peroxide-free diethyl ether until the extracts were colorless.
The combined extracts were washed repeatedly with saturated NaCl solution and then with distilled water, concentrated under a jet of nitrogen gas, and applied to a precoated Merck silica gel plate 0.25 mm thick, without fluorescence indicator. The plate was immediately developed with ethylene dichloride-ethyl acetate, 6:4 by volume. The four yellow spots obtained were scraped directly into known volumes of the solvents in which the carotenoid spectra would be determined. It was essential that the pigments were not allowed to dry on the silicic acid at this stage. The fastest moving pigment, ,3-carotene, was determined in hexane. Lutein, violaxanthin, and neoxanthin moved up the plate in that order and were determined in ethanol. The extinction coefficients at maximum absorption given by Jeffrey (6) were used to calculate the amounts of these four carotenoids.
RESULTS AND DISCUSSION
The French press homogenates from which the particle fractions were isolated had a molar ratio of total chlorophylls to total carotenoids of about 6. This value falls within the range of values 4.8 to 6.3 in the literature for chloroplast lamellae (4, 10) . The ratios of chlorophyll a to chlorophyll b in the homogenates were 2.65 and 2.45 for experiments 1 and 2, respectively. Carotenoid composition of 10,OOOg and 200,000g fractions obtained from the two different particle preparations are given in Table I . The ratio of total chlorophylls to total carotenoids is about 5 for both fractions. This value should be compared with ratios of about 7 and 4 for digitonin and Triton X-100 fractions, respectively (4, 10) . The relative carotenoid distributions in these two fractions with more /3-carotene in the 200,000g particles and more xanthophylls in the 10,000g particles, is qualitatively somewhat similar to the pattern observed in detergent preparations. The 1 The values given for experiment 2 were calculated assuming the ratio of chlorophylls to protein in the 10,OOOg particles was 1.4 times that in the 200,000g particles (1). The protein content of EDTA washed fractions was not determined in this experiment. ratios in particles prepared by Triton X-100 and by digitonin treatment to those reported here indicates that the nonionic detergents are not particularly selective in displacing carotenes and xanthophylls.
